Based on the theory of invariants, polynomial constitutive relations for transversely isotropic piezoelectric porous materials are derived from the polynomial integrity bases for an energy density function depending on a symmetric second-order tensor and two vectors. They are assumed to be smooth functions of their arguments, are expanded about the values their arguments take in the reference configuration and all terms up to the quadratic terms in the gradients of the mechanical displacement, the electric potential, and the gradients of the volume fraction are kept. The second-order constitutive relations so obtained are then specialized to the case of infinitesimal deformations and weak electric fields, and also to the case of infinitesimal deformations and strong electric fields.
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II ( Constitutive relations (22) imply that for a linear theory, contributions to stresses, electric polarization, and the equilibrated stresses from the mechanical strains, the electric field, and the porosity gradients are additive. However, such is not the case in the nonlinear theory as should be evident from the second-order constitutive relations (15)-(21). When the changes in porosity are also infinitesimal, then the abovestated constitutive relations can be suitably modified. In them, the material parameters will depend upon the initial value of the porosity.
